were retrospectively evaluated. BPPV was diagnosed using the Dix-Hallpike and supine roll tests and treated with either the modified Epley particle repositioning procedure or Lempert or Gufoni manoeuvre. Follow-up was performed at 1-week intervals until vertigo and nystagmus disappeared during positional testing.
| INTRODUCTION
Benign paroxysmal positional vertigo (BPPV) is one of the most common forms of peripheral vertigo, with a lifetime and 1-year prevalence of 2.4% and 1.6%, respectively, and a 1-year incidence of 0.6%. 1 Two major theories have been proposed regarding the underlying mechanism of BPPV, namely cupulolithiasis and canalithiasis.
The former was first described by Schuknecht et al in 1969 . 2 In cupulolithiasis, the cupula of the semicircular canal becomes gravitysensitive when detached otoconial debris adheres to the cupula.
Canalithiasis, in contrast, was identified surgically by Parnes et al in 1992 3 and occurs when otoconial debris in the semicircular canal is displaced following head movement. As a result, endolymph in the semicircular canal flows and displaces the cupula, leading to an attack of vertigo.
The incidence of BPPV increases with age. The mean age at onset is around 50 years, 1, 4 and BPPV is thought to be an age-related degeneration of the peripheral vestibular organs. Individuals aged 60 years and older are more likely to experience BPPV than those between 18 and 39 years of age. 1 In a population aged over 50 years, the prevalence of unrecognised BPPV was 9%. Surprisingly, none of the patients had undergone evaluation for a balance disorder.
BPPV in children is rarely reported in the literature. In a recent retrospective study, only 1% (1 out of 100 children) were diagnosed with BPPV using the Dix-Hallpike manoeuvre. 5 In 2003, D'Agostino et al 6 presented a case report of a 10-year-old boy with horizontal canal BPPV (HC BPPV). The boy was relieved of symptoms by repeatedly turning his body to the right or left during hospitalisation.
In recent years, additional cases of children with BPPV have been reported, and in each instance, a possible cause was noted. [7] [8] [9] In one case with a cochlear implant, BPPV developed as a result of using fairground rides approximately 2 years after surgery. 9 In another case, BPPV was linked to head trauma. Song 
| MATERIALS AND METHODS

| Setting
Retrospective analysis was conducted on a group of six children (one male and five females) between 7 and 14 years of age. These patients were referred to the vertigo clinic at the Affiliated Sixth All children underwent otoneurological and neurological assessments, including brain computed tomography and/or magnetic resonance imaging, at their previous hospitals or our hospital. Central nervous system disorders were excluded for all children, but no definite vestibular disorder was detected. Medical therapy had been attempted in two children before, but their vertigo or dizziness was not relieved.
| Variables
During the first visit, the patients' history was carefully reviewed and all children underwent both the Dix-Hallpike and supine roll tests. The criteria for the diagnosis of BPPV in children are the same as those used in adults. [10] [11] [12] [13] Once diagnosed, all children underwent a PRM. Posterior canal BPPV (PC BPPV) and HC BPPV were treated using the modified Epley particle repositioning proce- 
| Protocol of the Dix-Hallpike and supine roll tests
Patients were asked to sit upright on the clinical examination bed with their head turned 45°to the side for testing and were then laid down quickly into a head-hanging position. Evoked nystagmus and vertigo were observed carefully, and patients were asked whether they experienced any symptoms. Each patient was then asked to lie on the examination bed in a supine position, with their head fixed in a 30°flexion position and rotated 90°to the side for testing. 15 The diagnosis was determined by the direction and intensity of nystagmus observed by the naked eye. Patients with up-beating and torsional nystagmus that lasted less than 1 minute during the Dix-Hallpike manoeuvre were diagnosed as left or right PC BPPV.
Patients with geotropic nystagmus that lasted less than 1 minute on the supine roll test were diagnosed as canalolithiasis of HC BPPV.
Patients with apogeotropic nystagmus that lasted more than one minute were diagnosed with cupulolithiasis of HC BPPV, while those with nystagmus that lasted less than 1 minute were diagnosed with canalolithiasis of the anterior arm of HC BPPV. 16, 17 Ethics declaration: Approval for the release of data for this project was granted by the Executive Committee via approval of the project proposal.
Keypoints
• Benign paroxysmal positional vertigo (BPPV) is one of the most common forms of peripheral vertigo,however, BPPV in children is rarely reported.
• Children ranged in age from 7 to 14 years in the study.
Four children were diagnosed with PC BPPV, and two were diagnosed with HC BPPV.
• At the initial follow-up, five of the six children (83.33%)
were completely relieved of vertigo. One child with left PC BPPV reported residual dizziness and was relieved of vertigo at the second follow-up.
• In the present study, three out of six (50%) children with BPPV were classified as secondary BPPV.The risk factors included head trauma, family history of vertigo and previous hearing loss.
• Children with BPPV can be diagnosed by positional nystagmus evoked by the Dix-Hallpike and supine roll tests and successfully treated with the particle repositioning manoeuvre and/or Brandt-Daroff exercise.
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| RESULTS
Six children with definite BPPV were enrolled in the study between Table 2 .
Telephone follow-ups were conducted at an interval of 3-6 months. All children were followed up for a period of 10-22 months.
While no vertigo attacks were reported in any of the six children, one child (Patient 5) reported occasional dizziness on examination.
| DISCUSSION
It is difficult to diagnose BPPV in children who complain of vertigo or dizziness. Children themselves cannot describe their symptoms in great detail and may be wary of doctors. Moreover, vertigo is not a specific disease entity but, rather, a group of diseases that present This patient required a second particle positioning, and the second positional nystagmus was similar to the nystagmus of the first visit.
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with similar symptoms and mimic each other. This could explain why nearly all children in this study had visited several departments at different hospitals but were unable to obtain appropriate or effective management of their condition.
While vertigo in children is associated with a variety of causes, the diagnosis and differential diagnosis of BPPV can be made by history-taking and positional testing. In a recent review of the prevalence and diagnosis of vestibular disorders in children, benign paroxysmal vertigo of childhood (BPVC) and migraine-associated vertigo were the two most common causes, while other causes included vestibular neuritis, head trauma, BPPV, and psychogenic vertigo. 18 BPVC is the most common form of vertigo in children under the age of 5 years and is characterised by recurrent, brief attacks of vertigo in otherwise healthy children, occurring without warning and resolving spontaneously. 5, 18, 19 In the present study, all of the children were older than 5 years of age and none met the diagnostic criteria for BPVC. None of the children in the study reported a history of migraine during clinical visits or follow-up, and vestibular migraine (VM) was also excluded. Other diseases such as basal artery migraine, seizures, infection, labyrinthine concussion and other traumatic head injuries can also cause vertigo in children which can mimic BPPV in children. 20 In the children in the present study, a diagnosis of BPPV was made based on their history and characteristic positional nystagmus, as evoked by positional testing. In one child, dizziness recurred during school examinations and resolved spontaneously. There was no complaint regarding rotational vertigo;
as such, recurrence of BPPV was not considered.
In adults, approximately 70% of BPPV cases are represented by idiopathic BPPV. 10 The remaining instances are called secondary BPPV, in which certain risk factors are involved. Risk factors that lead to BPPV include chronic otitis media, head trauma, long-term bed rest, and osteopenia/osteoporosis, among other factors. [21] [22] [23] Some of these factors have been confirmed in animal experiments. 24 In the cohort reported in the present study, three out of six (50%) children with BPPV were classified as secondary BPPV. reported that although it is difficult to distinguish the influence of hereditary and environmental factors in the development of BPPV, patients with BPPV were five times more likely to have relatives with the disorder compared to a non-BPPV dizzy control group. 27 In the present study, risk factors could not be identified in three children, and head trauma, ototoxicity and inheritance may have played a role in the onset of BPPV in the remaining three children.
In addition, five out of six children were female, and four of them were aged 9-14 years, that is, were of pubertal age. Hormonal effects are reported to underlie a higher incidence of BPPV in females. 25 Whether BPPV in children is related to hormonal effects requires further investigation.
In this study, five out of six (83.33%) children diagnosed with either PC or HC BPPV were relieved of vertigo after only one treatment session. Moreover, 100% of patients in our study were relieved of vertigo following, at most, two treatment sessions. These results are much better than those previously reported in adults with PC or HC BPPV. 4 During the PRM, we discovered that children had more flexible necks than adults, which enabled us to perform the PRM smoothly.
During the follow-up period, none of the six children reported recurrence of positional change-evoked vertigo, although one child (Patient 5) complained of light-headedness during school examinations. The relationships among BPPV, migraine, and stress or anxiety are complicated. 28 Both BPPV and VM may present with positional nystagmus during positional testing, but positional nystagmus in VM patients is up-or down-beating without latency or fatigue. 29 In addition, BPPV is frequently associated with comorbidities such as migraine. 30, 31 In our patient, dizziness was triggered by stress and anxiety, provoked, for example, by school examinations, suggesting a possible comorbidity of BPPV and migraine.
| CONCLUSION
BPPV can occur in children and can be accurately diagnosed by taking a detailed medical history and using positional testing. If diagnosed and appropriately treated, BPPV can be successfully resolved in children.
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